The objective of this article is to systematically review the evidence on the effectiveness of vestibular rehabilitation (VR) in patients with benign paroxysmal positional vertigo (BPPV). Relevant published studies about VR in BPPV were searched in PubMed, Google Scholar and Ovid using various keywords. We included trials that were available in the English language and did not apply publication year or publication status restrictions. Studies based on the VR in other peripheral and/or central balance disorders are excluded. Primary outcome was the effect on vertigo attacks and balance. Of 42 identified trials, only 12 trials fulfilled our inclusion criteria and were included in this review. Three of them investigated the role of VR in patients with BPPV comparing with no treatment, two of them evaluated the efficacy of VR versus medications, seven of them have highlighted the benefits of the VR alone or in combination with canalith repositioning procedure (CRP) compared to CRP alone. The studies differed in type of intervention, type of outcome and follow-up time. VR improves balance control, promoting visual stabilization with head movements, improving vestibular-visual interaction during head movement and expanding static and dynamic posture stability. CRP and VR seem to have a synergic effect in patients with BPPV, especially in elderly patients. VR does not reduce the recurrence rate, but it seems to reduce the unpleasantness. So VR can substitute CRP when spine comorbidities contraindicate CRP and can reduce the uptake of anti-vertigo drugs post CRP. Further studies are needed to confirm these encouraging results.
Introduction
Benign paroxysmal positional vertigo (BPPV) has been recognized as the most common vestibular disorders and was first described by Bàrany in 1921, but the term was coined in 1952 by Dix and Hallpike.
BPPV is a clinical syndrome characterized by brief (<40 s) rotating vertigo triggered by changes in head position with respect to gravity, without hearing loss and/or tinnitus. The vertigo sometimes is associated with nausea, vomiting, pallor and/or Vestibular rehabilitation in benign paroxysmal positional vertigo: Reality or fiction?
sweating; the nystagmus typically has a latency of few seconds and is of limited duration (10-20 s), transient and fatigable.
The lifetime prevalence of BPPV has been reported to 10%. 1 The incidence of BPPV increases with age; it is known that 9% of geriatric patients had an episode that interferes with the quality of life and increased risk of falling and depression. 2 The exact aetiology of BPPV is still debatable: the most of BPPV is idiopathic (58%) in nature; other potential causes are head trauma (6%-18%) and inner-ear disease including infection, inflammation or dysfunction of inner ear microcirculation (3%-9%). 3 The disorder generally involves two topographical variants: PSC-BPPV is more common than HSC-BPPV and constituted approximately 85%-95% of BPPV. 4 The duration, frequency and intensity of BPPV symptoms are quite variable, and it is possible a spontaneous recovery. 5 The BPPV diagnosis is based on history and physical examination. It is important to observe nystagmus carefully and to recognize manifestations that accompany other diagnoses (unilateral hearing loss, tinnitus, atypical nystagmus or other neurologic deficit).
Nowadays, canalith repositioning procedure (CRP) is the gold standard for the treatment of PSC-BPPV and for HSC-BPPV. 6 Not rarely, regardless of the semicircular canal involved, the BPPV patients show, for some weeks after CRP, an increased postural instability especially in some static and dynamic conditions where there are altered proprioceptive input combined with altered or absent visual inputs. 7 The decrease of postural control is associated with an increased risk of falls, fractures and other damage related to falls especially in older adults. 8 For this 'instability period', repeated CRP could not be enough to reactivate or improve the postural control in BPPV patients, and some authors suggest vestibular suppressant drugs (diazepam, promethazine, etc.) or calcium antagonists (especially flunarizine), but such medical treatment is not always helpful and can sometimes be associated with side effects. 9 The vestibular rehabilitation (VR) is a form of physical therapy using head and trunk movements and improves balance by developing vestibular system stimulation and central compensation: 10 the Brandt-Daroff (B-D) and Cawthorne-Cooksey are the most common forms of VR exercises. The use of a customized VR therapy programme adapted to suit the specific needs of the individual was widely accepted in the 1990s, and it became the primary modality of treatment for patients with vestibular disorders.
Several studies have shown the effectiveness of VR on the balance; 7 for this reason, its indication is not only in otorhinolaryngology but also in other branches of medicine, such as in neurology for the treatment of patients with multiple sclerosis. 11 The main aims of VR are as follows:
1. To improve the visual-vestibular interaction and increase static and dynamic postural stability; 2. To contribute to an improvement in daily quality of life and a reduction in symptoms of dizziness and anxiety. 6 Many authors, first of all Brandt and Darroff, 12 Norrè and Beckers 13 and McCabe, 14 showed how VR could be useful in patients affected by BPPV. 15 The aim of this review was to systematically search the potential role of VR in patients with BPPV.
Methods
Relevant published studies were searched in PubMed, Google Scholar and Ovid, using either the following keywords or, in case of PubMed database, Medical Subject Headings: ('Benign paroxysmal positional vertigo' or 'BPPV') AND ('physical therapy modalities' OR 'exercise therapy' OR 'exercise' OR 'habituation exercises' OR 'rehabilitation' OR vestibular rehabilitation) with no limit for the year of publication. Only studies in English, published in peer-reviewed journals, reporting data on the role of VR in BPPV were included. Literature reviews, technical notes, letters to editors and instructional course were excluded. The reference lists of the selected articles were fully and accurately reviewed to identify articles not included during the first electronic search. Studies that were based on the use of VR in overall peripheral and/or central balance vestibular disorder, acute vestibular disorders, VR after traumatic injuries are excluded. At the end of our selection process, 12 publications have been included (Figure 1 ).
Results
A total of 12 publications, which investigated the role of VR, have been included in the present review, as reported in Table 1 .
Three of them investigated the role of VR in patients with BPPV comparing with no treatment, two of them evaluated the efficacy of VR versus medications and seven of them have highlighted the benefits of the VR alone or in combination with CRP compared to CRP alone.
Norrè and Beckers 13 have proven the value of VR in elderly patients with BPPV. VR exercises consists of 19 manoeuvres (not specified) that patients should be executed actively and vigorously. The rehabilitation programme consists of two or three sessions per day repeated at home five times successively. These exercises stimulate the central adaptive mechanisms of compensation and habituation in order to recalibrate the central processing. Elderly patients treated by VR also showed very satisfying results, although the therapeutic effect developed somewhat slower than in the younger patients.
Banfield et al. 16 have analysed prospectively the response to VR treatment in patients with diagnosis of BPPV and a history of positional vertigo for at least 13 months. The average follow-up was 3 years, 8 months to determine their long-term response to treatment.
The exercise consists of seating the patient and then laying him on the affected side. This position probably will cause dizziness, but the patient should stay in this position until these symptoms have regressed, then the patient returns to the upright position. This exercise must be repeated three times a day for a month.
Banfield's exercise differs both from the Cawthorne-Cooksey exercises as they are more complex exercises involving the head, neck and chest and from the B-D exercises because it does not involve the movement on the healthy side. At the end of the treatment, 96% of patients responded to treatment and satisfaction scores were high (92%). At the long-term follow-up, 76% of the patients referred the return of their symptoms, but 63% were able to self-care and returned to the exercises of their own accord with benefit. The study showed that VR provides long-term self-reliance as well as short-term cure.
Helminski et al. 24 analysed if a daily routine of the self-CRP increases the time to recurrence and significantly reduce the rate of recurrence of BPPV in patients previously treated with CRP. A total of 22 patients were assigned to no-treatment group (control group) and 17 patients to the 'self-CRP daily' group (experimental group).
Patients in the experimental group were instructed to perform two cycles of self-CRP one time per day, with the help of a print and digital media to perform the exercises. Every 2 months the patients were asked with a questionnaire whether they showed recurred vertigo and whether they were performing the exercises.
If patients were asymptomatic, they were followed for up 2 years. The symptoms have recurred in 43% patients of the control group and in 38% patients of the experimental group. There were no statistically significant results both in the frequency and in the time of recurrence. So daily routine of self-CRP does not affect the time to recurrence and the rate of vertigo, but the self-CRP makes the patient independent and able to deal independently with a recurrence.
Fujino et al. 18 evaluated the effectiveness of VR in patients with BPPV comparing three groups: (1) Betahistine Group, (2) VR Group, (3) VR + betahistine Group. Exercises, selected according to the results obtained by the VHT test battery, are executed actively and vigorously two or three sessions daily at home and repeated five times successively. The cumulative percentages of cured cases increased from 27% to 93% for the total group. For patients older than 60 years, this progression was slower from 9% to 73%.
Banfield et al. 16 25 patients Mean age of the group followed up was 53 (range: 26-80) years The exercise consists of seating the patient and then laying him on the affected side. Then patient returns to the upright position and the exercise is repeated. This exercise must be repeated three times a day for a month. Good short-term response to treatment, recurrence in 76% of cases. 12 of 19 patients with recurrent symptoms have been performing the exercises on their own initiative.
Tanimoto et al. 17 80 patients (55 women and 25 men). in Group 3 and only 30% in Group 1).
Kulcu et al. 19 38 patients (10 males/28 females). Mean age: 46 years
The exercise group was instructed in modified Cawthorne-Cooksey exercises six times a day for 4 weeks. Exercises were composed of a series of exercises that encourage head and eye movements.
There were significant differences between groups in the mean scores of the VDI and the VSS at the end of the study in favour of the exercise group.
VR vs CRP Steenerson and
Cronin 20 40 patients -control group: 6 men and 14 women; treatment groups: 7 men and 13 women.
Mean age: CRP group 53 years, VHT group 48 years and control group 51 years.
VHT group patients were provided habituation movements.
The second group of patients was treated with CRP as described by Epley. 14 (82%) patients in the CRP group were symptom free after 3 months. In the VHT group, 63% of patients were symptom free at 3 months.
Soto Varela et al. 21 106 patients Mean age of the group followed up was 55.5 (range: 18-77) years VR (Brandt-Daroff (B-D) habituations exercises) was performed at home three times daily until disappearance of symptoms. In Groups B and C, the manoeuvres were repeated weekly until the symptoms disappeared. At the 1-week follow-up, similar cure rates were obtained with the Semont and Epley manoeuvre (74% and 71%, respectively), both cure rates being significantly higher than that obtained with B-D exercises (24%).
Participants (male/female, age)
Type and duration of vestibular rehabilitation
Results
Angeli et al. 22 47 patients (>70 years old) -control group: 9 men and 10 women; treatment group: 12 men and 16 women. Mean age: control group 74 years and treatment group 73 years.
VR included particle-dispersing exercises and VHT.
CRP is more effective than no treatment, VR can be added to improve the results in the treatment of BPPV.
Chang et al. 23 26 patients (15 females/11 males) Mean age: control group 54 years and experimental group 57 years.
Subjects in the experimental group received an additional 40-min vestibular-stimulated exercise programme, three times a week for 4 weeks. The exercises included oculomotor exercises, repeated head movement exercises, balance training exercise and functional activities.
Additional exercise training for patients with BVPP increased patients' static and dynamic balance performance and enhanced functional gait ability.
Helminski et al. 24 39 patients (11 males/28 females). Mean age: control group 64 years and treatment group 55 years.
Subjects in treatment were trained in and instructed to perform two cycles of the self-CRP 1 time per day and were provided an illustrated handout and digital video disc of the exercises.
There was no significant difference in response to treatment. Of the 16 subjects where symptoms had recurred, 6 initiated self-treatment before evaluation in the clinic and treated themselves. 100% of these patients successfully resolved their symptoms by themselves.
Amor-Dorado et al. 25 Ribeiro et al. 26 14 patients: 11 females/3 males. Mean age: experimental group 69 years and control group 73 years. VRT was performed twice a week, 50 min each, over a 12-week period.
The balance VRT included oculomotor exercises, habituation exercises standing and dynamic balance training, along with lower-limb muscles strengthening No differences in dizziness, quality of life and standing balance.
Significant differences were observed in dynamic balance measures between groups at 9 and 13 weeks. No significant differences in dizziness symptoms through VAS.
VHT: vestibular habituation training; VR: vestibular rehabilitation; VSS: Vertigo Symptom Scale; VDI: Vertigo, Dizziness, Imbalance Questionnaire; CRP: canalith repositioning procedure; DHM: Dix-Hallpike manoeuvre. Each VR patient has performed B-D exercise and Dix-Hallpike modified (move the head repeatedly, rest for 1 min and try to make 50 steps with eyes open and eyes closed). These exercises were performed 15 min three times a day for 8 weeks. The evaluation of the patients was carried out once a week or once every 2 weeks for 8 weeks.
After 2 weeks of treatment, the Groups 2 and 3 have shown a marked improvement rates in vertigo, positional nystagmus and other symptoms than Group 1. The improvement was slightly higher in Group 3 than in Group 2: the global improvement rate was 62% in Group 2, 70% in Group 3 and only 30% in Group 1.
Kulcu et al. 19 evaluated the efficacy of a VR exercise by comparing it with medication in patients with BPPV who had already undergone CRP and were still complaining of disequilibrium and vertigo. A total of 38 patients were assigned two groups: (1) Medication group and (2) Experimental (or exercise) group.
Medication group took 8 mg of betahistine three times a day for 1 month. The experimental group was required to perform Cawthorne-Cooksey exercises six times a day for 4 weeks. The follow-up was done at baseline and at the second, fourth and eighth weeks. After the treatment period, patients in both groups were evaluated for another month.
Home-based exercise programme is composed of a series of exercises that stimulate head and eye movements. In case of exacerbation of symptoms, patients have reduced the repetitions or stop the exercise until the symptoms disappeared. Patients continued to perform the exercises until the end of the study, even if the symptoms disappeared.
During the study, patients were asked to record symptoms and document the treatment programme in a diary. In the exercise group, the average of VDI (Vertigo, Dizziness, Imbalance Questionnaire) and VSS (Vertigo Symptom Scale) significantly decreased until the fourth week. Between the fourth and eighth weeks, there were poor improvements.
In medication group, mean scores of VSS diminished earlier but lesser compared with the exercise group. In this study, patients in the exercise group improved more than patients in the medication group.
Steenerson and Cronin 20 were aimed at comparing the effectiveness, patient compliance and speed of recovery of BPPV patients, analysing three groups: (1) BPPV patients treated with CRP, (2) BPPV patients treated with VR and (3) No-treatment group.
The first group of BPPV patients was treated with CRP twice weekly, second group performed 15 head position VR assessments (not better specified), asking to repeat these exercises 5-10 times twice daily. Control group included patients who refused treatment. Each patient was evaluated for a 3-month period: all patients were evaluated once a week for the first month and then once a month the next 2 months.
In the CRP group, 70% of patients were asymptomatic after 3 months; in VR group, 63% of patients were free of symptoms at 3 months; and in the control group, 75% of patients showed no improvement. These results showed that CRP is as effective as VR for treatment of BPPV, but a combination of CRP and VR could be better tolerated by BPPV patients.
Soto Varela et al. 21 performed a prospective study to evaluate the efficacy of three different physical treatments for BPPV: B-D exercises, the Semont manoeuvre and the Epley manoeuvre. A total of 106 BPPV patients were randomly assigned to three groups: (A) VR group (29 patients), (B) Semont comparator group (35 patients) and (C) Epley comparator group (42 patients).
B-D habituations exercises performed at home three times daily until disappearance of symptoms. The exercises consist of brusque adoption of the supine position, first looking straight ahead, then with the head turned to the right and to the left. Each position is maintained for 30 s.
In Groups B and C, the manoeuvres were repeated weekly until the symptoms disappeared. Patient's subjective assessment of treatment outcome (cure, partial improvement, stabilization), intensity and duration of nystagmus were evaluated 1 week, 1 month and 3 months after treatment. By the 3-month follow-up, the symptoms in Group C were little more improved than in Group B, though both remained higher than that obtained with the B-D exercises.
Varela et al. found that manoeuvres (either Epley or Semont) were more effective in producing resolution than VR. Angeli et al. 22 evaluated the effectiveness of a management approach that combines CRP and VR in elderly patients (>70 years old) with the diagnosis of unilateral PSC-BPPV and with persistence of the BPPV vertigo or nystagmus.
First, the patients (47 patients) were randomly divided in two groups: CRP group (28 patients) and no-treatment group (19 patients), respectively. After 1 month, the patients unresponsive to treatment in CRP group (18/28 patients) were treated with a combination of CRP and VR, and then were re-evaluated 3 months later.
The VR programme included the particle-dispersing exercises and habituation exercises (not better specified), customized for each patient by a physical therapist two or three times a week for 4-6 weeks. Patients were instructed to perform the exercises at home twice a day. At the end of exercise period, patients underwent a re-evaluation that included the Dix-Hallpike test, the electronystagmography test and the evaluation of symptoms.
After 6 weeks, 77% of subjects were cured with CRP plus VR, while 23% either dropped out or failed treatment with CRP and VR. These findings suggest that CRP is more effective than no treatment and VR can be added to improve the results in the treatment of BPPV. A combination of CRP and VR greatly improves symptoms in the elderly.
Tanimoto et al. 17 compared the efficacy of modified Epley procedure (MEP) with or without selftreatment in patients with BPPV of the PSC. A total of 80 patients were randomly assigned to (1) Epleyalone group and (2) Self-treatment group.
In first group, MEP was performed once, while self-treatment group underwent MEP plus selftreatment at home. After a week, the patients have made a second visit that included an assessment of symptoms and the Dix-Hallpike test.
Self-treatment included exercises in which the position of the head-hanging is obtained by supporting the shoulder with a pillow and this position must be maintained for 30 s; this procedure was repeated three times daily until there is a resolution of symptoms for at least 24 h. After 1 week, the Dix-Hallpike test was negative in 72% of patients in the first group and in 90% of patients in the self-treatment group. In total, 69% of patients in the Epley-alone group and 88% of patients in the self-treatment group had an improvement of symptoms and nystagmus. Home-treatment associated with MEP gave significantly better results than MEP alone, as assessed by the Dix-Hallpike test and by both symptoms and nystagmus.
Chang et al. 7 investigated the effect of an additional VR exercise programme on balance compared to CRP alone in patients with first attack of BPPV involving the unilateral PSC. A total of 26 patients were divided randomly into two groups of 13 patients each: (1) Control group and (2) Experimental group.
Patients in the control group received the MEP over either one or two sessions during a 2-week period. Subjects in the experimental group received MEP plus 40 min of vestibular-stimulated exercise training three times a week for 4 weeks.
The exercises included oculomotor exercises, head movement, balance exercises and functional activities to improve the balance and reduce vertigo and gaze instability, vertigo and instability of the gaze. Static balance tests, tandem walk test, Dynamic Gait Index (DGI) and subjective rating of the intensity of vertigo were measured at baseline, 2-week and 4-week assessments.
Experimental group showed a marked improvement in these measures than control group, in particular: at 2-week assessment, results reported a statistically significant improvement in single leg stance with eyes closed. At the 4-week assessment stance on foam surface with eyes closed, DGI was significantly improved in favour of experimental group. VR in patients in addition to CRP with BPPV increased patients' static and dynamic balance and enhanced functional gait ability.
Amor-Dorado et al. 25 compared the efficacy of CRP versus VR exercises for treatment of unilateral idiopathic BPPV of the posterior canal. Patients included in Group A were treated with CRP, patients included in Group B performed B-D exercises. Follow-up at Day 7 and 1, 6, 12, 24, 36 and 48 months was carried out.
Group A received modified Epley's manoeuvre, only one manoeuvre per session. Group B was based on B-D exercise, and it was self-performed domiciliary by the patient with previous instruction given by the otolaryngologists. Five cycles per session three times daily were performed, one movement to each side completed a cycle. Efficacy of the treatment was evaluated using goggles by Dix-Hallpike manoeuvre (DHM) at 1 week; if no nystagmus was visualized, treatment was considered effective.
The differences were statistically significant at 1 month: 92.7% in the CRP group compared to 42.5% in the VR group had a negative DHM. The recurrence rate at 48 months was 35.5% in the VR group and 36.6% in CRP group. The patients included in the CRP group showed a significantly longer time interval between the first and the second episode of recurrence. CRP is more effective treatment than B-D exercise in the short term although exercise may be also considered as an alternative treatment in selected cases.
Ribeiro et al. 26 evaluated short-term effects of VR exercises on balance, dizziness symptoms and quality of life in patients aged 65 years or older with BPPV for at least 6 months. The participants were randomly assigned to two groups: the control group, which underwent CRP, and the experimental group, which underwent VR in addition to CRP. Patients were evaluated at the baseline, and at 1, 5, 9 and 13 weeks.
CRP was performed at baseline and repeated up to three times during a session, as necessary. VR exercises were performed twice a week for 50 min each for a period of 12 weeks. The rehabilitation programme included oculomotor exercises, habituation exercises (head movements and repeated trunk), exercises to stimulate balance and strengthen muscles. The main objective of the exercise programme is to stimulate the vestibular system and promote sensory reweighting.
Concerning dynamic balance, there were significant differences between groups: in the experimental group, all dynamic balance parameters significantly improved. There were no significant differences in dizziness symptoms through visual analogue scale (VAS) scores and quality of life according to all Duruoz Hand Index (DHI) subscales evaluations (physical, functional, emotional and total scores) at baseline, 1, 5, 9 and 13 weeks.
The patients who received VR demonstrated better results in dynamic balance than those who received only CRP.
Discussion
In this review, we assessed the effectiveness of VR in young and elderly patients with BPPV. Patients after CRP may show an insufficient postural stability control 27 and an increased risk of falls, fractures and other damage related to falls. 8 Patients show dizziness after 'liberatory' CRP also for weeks and have a lower healing because of their expected decrease in vestibular function, multisystem 'physiologic' degeneration and less movement in daily activity 3 so this post-CRP balance impairment should be managed. 28 In our systematic review, the best results of VR were reported in elderly patients with BPPV: 26 patients who undergoing VR showed a significant improvement in dynamic balance and self-reliance than patients only treated with CRP.
The first study that shows the efficacy of VR in geriatric BPPV population was carried out in 1989 by Norrè and Beckers. 13 Angeli et al. 22 confirmed Norrè's results and underlined that it is very important to rule out the other causes of dizziness and/or comorbidity in the elderly who can compromise the efficacy of VR.
Banfield et al. 16 noticed that patients treated with VR showed similar recurrence rate in comparison to patients treated only with CRP, but the recurrence symptoms were less severe and more tolerable by the patient. As showed by Helminski et al., 24 VR increases the patient's control of the disease process and reduces healthcare cost. VR is an exercise-based group of approaches that began with the aim of maximizing central nervous system compensation for vestibular pathology. 29 Currently, protocols differentiate across several key features with differing physiological mechanisms proposed. These include the following: Regarding the comparison between VR and medications to reduce disequilibrium in BPPV patients, the results are contrasting. It has already been widely proven that rehabilitation programmes have an important role in the treatment of BPPV and could be alternative to medications because they have longer lasting efficacy and are lack of side effects; 31 in the long-term treatment, the combination of VR and medication could make a greater improvement than the treatment with only medication or only VR.
Thanks to these properties, a combination between CRP and VR could improve, especially in the elderly (>60 years old), static and dynamic balance performance and enhance functional gait ability. 23 But what form of VR is most effective? A Systematic Review published in August 2016 in The European Journal of Physical and Rehabilitation Medicine 30 tried to determine which type of VR could be more effective than the others in the domains of symptoms (dizziness) or function (activities, quality of life); however, there is insufficient evidence to discriminate between differing forms of VR. Their results are also according to our findings in this systematic review: CRPs are more effective in the short term than VR alone, although a combination of the two is effective for longer term functional recovery.
Conclusion
VR is a simple, low-cost and effective treatment method for improving balance control and quality of life in patients with BPPV, promoting visual stabilization with head movements, improving vestibular-visual interaction during head movement and expanding static and dynamic posture stability.
Our review proves that a hierarchy of interventions should be offered to people with BPPV, starting with CRP followed by post-treatment exercises. CRP and VR seem to have a synergic effect in patients with BPPV because they improve the symptoms in a short time. VR can play a pivotal role in patients affected by comorbidities (cervical or thoracic spine diseases) that contraindicate CRP and can reduce the uptake of anti-vertigo drugs. VR does not reduce the recurrence rate, probably because it does not act on the pathophysiological mechanisms underlying BPPV, but it increases the pleasantness of BPPV episodes.
We certainly reiterate that BPPV requires a multidisciplinary approach in which the collaboration between otolaryngologist, physiatrist, orthopaedics and physical therapist is crucial.
Because no consensus on the VR protocol was found, in particular, with regard to the type of exercises and duration, on the basis of literature and our experience, we propose that further studies are needed to identify a specific VR protocol and type of outcome, and follow-up on larger populations are needed to confirm these encouraging results.
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